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PRELIMINARY INVESTIGATION OF THE ACTION OF THQ, EDTA, AND
ESTROGEN ON THE MUCOPOLYSACCHARIDES OF SPONGE
IMPLANT CONNECTIVE TISSUE*
GERALDINE J. ZDYBEK, PH.D. AND E. W. KELLY, JR., M.D.
The production of connective tissue by the
implantation of polyvinyl alcohol sponge has
proved to be a useful technic for the study of
connective tissue since it can be obtained in
sufficient quantities and can be harvested at
any stage of development.
Kelly (1) has reported on the histological
changes in keloids following the oral adminis-
tration of tetrahydroxyquinone (THQ). These
changes occur in the cellular, fibrous, and
ground substance of the connective tissue
causing regression in the size of keloids and re-
lief of the subjective symptoms. The Ivalon
sponge was used as an experimental model in
subsequent studies. A morphologic resemblance
has been found between the sponge connective
tissue of estrogen-treated rats and human keloid
tissue as well as similar reactions of both to
THQ treatment. These interesting phenomena
induced the following study of the quantita-
tive biochemical changes occurring in the
mucopolysaccharide moieties of sponge granu-
lation tissue with hope of elucidating the
mechanisms involved in the action of THQ on
keloidal tissue.
The therapeutic value of ethylenediamine-
tetraacetic acid (EDTA) in the connective
tissue disorders, rheumatoid arthritis and
scleroderma, is well documented (2) ; for this
reason it was of interest to investigate its effects
on sponge implant connective tissue.
METHODS
The effect of tetrahydroxyquinone (THQ),
ethylenediaminetetraacetic acid (EDTA), and
estrogen on the turnover of the sulfated muco-
polysaccharides in the organized connective tissue
of implanted polyvinyl sponges was investigated.
Ivalon sponges were implanted in both flanks of
64 female albino rats as previously described (1).
After four weeks the animals were divided into
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four groups of sixteen rats per group. The rats
weighed on the average of 200 grams. One group
received 05 ml of physiological saline three times
weekly, a second group 5 mgm of THQ three
times weekly, a third group 8 mgm of EDTA as
MgNa2EDTA five times weekly, and a fourth
group 0.3 mgm of estrone three times weekly. All
injections were administered intraperitoneally and
continued until the time of sacrifice.
In a second study undertaken to elucidate the
effect of higher doses of these chemicals, one group
received five milligrams of THQ five times weekly,
a second group twenty milligrams of EDTA five
times weekly, a third group three-tenths milli-
gram of estrone five times weekly, and a control
group one-half milliliter physiological saline five
times weekly.
At the end of four weeks each animal was
injected with 190 microcuries of carrier-free S.
Two animals from each group were sacrificed at
15, 23, 40, 64, 135, 184, 235, and 303 hours after
the injection of S. Sponges were removed from
their adhering capsules and analyzed for muco-
polysaccharide-S and mucopolysaccharide sulfur
according to a previously described procedure (3).
Sponge tissue was defatted by homogenizing with
acetone in a Vir Tis homogenizer. The fat-acetone
phase was removed by centrifugation. Inorganic
sulfate and inorganic S were removed by agitating
the tissue with water and then centrifuging. Soluble
mucopolysaccharides were precipitated by adding
ethyl alcohol-potassium acetate to the super-
natant. This residue was combined with that ob-
tained after the removal of inorganic sulfate and
dissolved in 2% sodium hydroxide solution. The
solubilized material was then neutralized with
dilute hydrochloric acid and made up to 25 ml in
a volumetric flask after removal of the polyvinyl
sponge by centrifugation. One ml was removed
for uronic acid determination, 3 ml for hexosamine
analysis, and the remainder was evaporated to
dryness.
Approximately 10 ml of anhydrous methanol
was added to the dry material and anhydrous
hydrogen chloride bubbled into the mixture for
30 minutes at 5° C. The mixture was centrifuged
and the residue washed with methanol-potassium
acetate. Anhydrous ethyl ether was added to the
supernatant and the precipitate allowed to settle.
The mixture was then centrifuged and the super-
natant evaporated to dryness. The residue was
digested with chloric acid to incipient dryness and
the excess acid neutralized with saturated am-
monium carbonate solution. The salts were then
dissolved in water. An aliquot was removed and
analyzed for sulfur by barium sulfate turbidity
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and the remainder of the solution was analyzed
for S by precipitating as barium sulfate and
counting on a windowless ga-fiow counter.
Uronic acids were analyzed according to the
method of Bitter (5). Sulfuric acid-borate olu
tion was placed in a glass toppered tube and
cooled to 0 C. The test sample was added and
the mixture shaken vigorously. The samples were
heated in a boiling water bath for 15 minutes and
then cooled to room temperature. Carbazole
reagent was added and the samples heated at
100 C. for 10 minutes and then kept in the dark
for 3 hours. The optical density was read at 530
millimicrons against a reagent blank.
Hexosamines were determined according to the
method of Boas (4). The samples were hydrolyzed
in 2N hydrochloric acid for 15 hours at 100 C.
The hydrolyzed samples were passed through
Dowex 50W-X12 resin and hexosamines eluted
with 2N hydrochloric acid. An aliquot was re-
moved and phenolphthalein was added. Four nor-
mal sodium hydroxide was then added until the
samples turned pink and then 0.5N hydrochloric
acid added until the color just disappeared. Care
was taken to keep the salt concentration of the
standards identical with that of the samples.
Acetyl acetone reagent was added, the samples
heated at 89—92 C. for 45 minutes, and then
cooled to room temperature. Ehrlich's reagent
was added and the samples diluted to volume
with ethyl alcohol. After standing 1—2 hours the
samples were read at 530 millimicrons against a
reagent blank.
RESULTS AND DISCUSSION
Results were plotted as log specific activity,
counts per minute per microgram of sulfur in
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Fia. 1. The specific activity-time curves of rat
sponge connective tissue sulfated mucopolysac-
charides from Experiment I plotted as log counts
per minute of sulfur-35 per gamma of sulfur versus
time of sacrifice. Half-life times were calculated
for the longer part of the diphasic curve.
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Fia. 2. The specific activity-time curve of rat
sponge connective tissue sulfated mucopolysac-
charides from Experiment II.
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FIG. 3. The specific activity-time curve of serum
sulfated mulopolyaccharides plotted as log counts
per minute of sulfur-35 per 0.1 ml. of serum versus
time.
sponge tissue and counts per minute per milli-
liter of serum, versus time of sacrifice. The line
of best fit was calculated by the method of
least squares and from these, half-life times
for the sulfated mucopolysaccharides were de-
termined. The diphasic decline in specific
activity suggests that endogenous mucopoly-
saccharides are stored in an open two-compart-
ment system (6). Figures 1 and 2 represent
the specific activity—time curves for the sul—
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fated mucopolysaccharides of the connective
tissue of the sponge implants in the two experi-
ments and Figure 3 that of serum sulfated
mucopolysaccharides.
Half-life data is represented in Table I for
the sulfated mucopolysaccharides of sponge
implant connective tissue and for serum at the
different dosage levels. Table II represents
analyses of hexosamines, uronic acids, and
mucopolysaccharide sulfur.
As a result of the first study it is shown
that there is no significant difference in the
total chemical sulfur of the sulfated muco—
polysaccharides but indeed there is a signifi-
TABLE I
Halflife* of sponge connective tissue and serum
sulfated mucopolysaccharides
Half-life data for the sulfated mucopolysac-
charides of rat sponge connective tissue and serum
at different dosage levels of THQ, EDTA, and
estrone.
Group
Granulation Tissue Serum
Experiment Experiment
I II I II
Control
THQ
EDTA
Estrogen
126
103
104
101
82
104
98
82
70
90
112
61
64
84
56
390
* Hours.
cant difference in the half—life values under the
influence of these various chemicals. THQ,
EDTA, and estrogen appear to induce a de-
crease in the half-life as seen in Table I, 126
hours for the control versus 103, 104, and 101
hours respectively for the THQ, EDTA, and
estrogen treated animals. It appears that the
chemicals under discussion increase the overall
metabolism of the mucopolysaccharides at
these dosage levels.
At higher dosage levels there is a marked
inhibitory effect on the half-life of the sulfated
mucopolysaccharides of the THQ and EDTA
treated groups. Half-life values were longer.
In contrast to the shorter half-life on lower
dosages of estrogen, a higher dosage had no
effect on the overall half-life.
It is of interest to note the difference in half—
life between the control groups for the sul-
fated mucopolysaccharides of sponge implant
connective tissue. Experiment II was carried
out in the winter in contrast to Experiment I
which was carried out in the summer. This is
in accord with the observations of Sherwood
(7) who from studies on 2000 determinations
on normal rats weighing approximately 100
grams showed that there is a 26% diminution
in metabolism during the summer months.
Chondroitin sulfates A and B, heparin, and
hyaluronic acid have previously been identified
by Berenson as the only mucopolysaccharides
in granulation tissue induced by turpentine
and air injections (8).
TABLE II
Analyses of uronic acids, hexosamines, and sulfur of connective tissue mucopolysaccharides
Analyses of uronic acids, hexosamines, and mucopolysaccharide sulfur of rat sponge connective tis-
sue. P represents the probability in percent.
Group
Experiment
II
S/.1g S/.1g uronic/.1g hex/uronic S/uronic S/hexosamine
Control
THQ
P%
EDTA
P%
Estrogen
P%
282 42
286 32
*
277 55
*
279 40
*
333 83
331
325 66
*
371 90
90%
597 155
579 89
*
536 88
91%
545 116
82%
521 158
453 118
91%
445 116
91%
501 103
1.08 0.37
0.78 0.26
99%
0.82 0.36
98%
1.09 0.45
*
0.62 0.24
0.57 0.19
*
0.58 0.17
*
0.66 0.19
*
0.66 0.30
0.67 0.17
*
0.70 0.26
*
0.69 0.27
*
* Probability less than 80%.
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In the THQ group there appears to be a
tendency for a decrease in hexosamines whereas
there is no difference in uronic acid value from
that of the control group. This accounts for
the significant decrease in hexosamine to uronic
acid ratio. One possibility is that more heparin
was present in the sponge implant connective
tissue of the THQ group than the controls.
The N-sulfated group of heparin is known to
decrease the observed hexosamine value (9).
This does not exclude the possibility that this
tendency for a decrease in hexosamines may be
a reflection of glycoprotein changes although
histologically Kelly (10) has demonstrated an
increase in the mast cells of sponge connective
tissue of THQ treated rats which may suggest
an increase in hepathi. In the EDTA treated
rats there was a tendency for a decrease in both
uronic acids and hexosamines as reflected in
the significant decrease in hexosamine to uronic
acid ratio. This data is difficult to interpret
from these analyses alone, although histochemi-
cal demonstration revealed a decrease in PAS
positivity which may reflect a decrease in
hyaluronic acid. No difference was found in
metachromasia or mast cells in comparison
with the control group. In estrogen treated rats
there appears to be a slight increase in sulfur.
Uronic acids may be on the decrease as re-
flected in the hexosamine to uronic acid ratio
which is the same as the control. Histologically
there is an increase in metachromasia in estro-
gen treated rats evidencing an increase in sul-
fated mucopolysaccharides. It might be noted
that chondroitin sulfate-B contains iduronic
acid instead of glucuronic acid which when
present would show a decrease in the observ-.
able uronic acid content.
Further studies are in progress to elucidate
the effects of these chemicals on the synthetic
and degradative processes of the mucopoly
saccharides of sponge implant connective tis-
sue.
SUMMARY
Half-life studies of the sulfated mucopoly-
saccharides from the organized sponge implant
connective tissue of THQ, EDTA, and estrone
treated animals have been investigated. These
chemicals appear to induce dynamic changes in
the mucopolysaccharides of this tissue.
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